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As progress is made toward elimination of measles, the laboratory confirmation of measles becomes
increasingly important. However, both false-positive and false-negative results can occur with the routinely
used indirect measles immunoglobulin M (IgM) serology tests. The measles IgM capture assay is considered
to be more specific, and therefore, its use is indicated for confirmatory testing, but its relative performance has
not been fully assessed. Four commercial indirect measles IgM serology test kits (the Behring, Clark, Gull, and
PanBio assays) and a commercial IgM capture assay (the Light Diagnostics assay) were evaluated for their
abilities to detect measles virus-specific IgM antibody with a total of 308 serum samples from patients involved
in a measles outbreak and with confirmed cases of measles and 454 samples from subjects without measles.
The Centers for Disease Control and Prevention (CDC) IgM capture assay was also used in a part of the
evaluation. Among the indirect assays, the overall sensitivities ranged from 82.8% (Clark assay) to 88.6%
(Behring assay) and specificity ranged from 86.6% (PanBio assay) to 99.6% (Gull assay). These rates were 92.2
and 86.6%, respectively, for the Light Diagnostics capture assay and 87.0 and 94.8%, respectively, for the CDC
capture assay. While the Light Diagnostics capture assay had the best detection rate (80%) with the acute-
phase samples compared with those for the rest of the tests (CDC capture assay, 77%; Behring assay, 70%; Gull
assay, 69%; PanBio assay, 58%; and Clark assay, 57%), all tests showed a significantly improved sensitivity in
the range of 92% (Clark and PanBio assays) to 97% (Light Diagnostics and CDC capture assays) with the
convalescent-phase samples, as expected. The best seropositivity rates (in the range of 92 to 100%) were
observed with samples collected 6 to 14 days after the onset of symptoms. The Gull assay showed the highest
positive predictive value (99.6%), followed by the Behring assay (97.8%) and the CDC capture assay (96.1%).
Overall, the Gull and Behring assays were found to be as good as or better than the capture assays. In
conclusion, laboratory diagnosis of measles based on IgM serology varies depending on the timing of specimen
collection and the test used, and the case for the use of the IgM capture assay as the confirmatory test appears
to be uncertain.

While the number of cases and deaths attributed to measles
worldwide has declined substantially over the past two de-
cades, measles remains one of the leading causes of childhood
mortality in developing countries (4, 5, 21). Even countries that
have achieved high levels of measles vaccination coverage have
frequently witnessed large outbreaks of measles (1, 13, 17).
However, with the implementation of new measles vaccination
strategies, transmission of indigenous measles has been inter-
rupted in the Americas and the United Kingdom (4–6, 9).
Several other countries in Europe have either eliminated mea-
sles or are close to doing so (22). Following the success of
global polio eradication strategies, there is now consensus that
global measles eradication is technically feasible (5, 6). The
Pan American Health Organization has targeted measles to be
eliminated from the western hemisphere by the year 2000 (4).

The European Advisory Group on Immunization for the
World Health Organization (European Region) has recom-
mended that measles be eliminated from Europe by the year
2007 (5). Accordingly, the current vaccination strategies in
these regions aim to interrupt all chains of transmission and
intensify surveillance for suspected cases of measles (4, 5, 7).
As a part of this surveillance, recent consensus conferences on
measles eradication have recommended that all isolated cases
of measles and at least one case in each chain of transmission
should be confirmed by laboratory tests (4, 5).

Measles-specific immunoglobulin M (IgM) serology is the
standard test for the rapid laboratory diagnosis of measles, and
IgM testing is now almost exclusively performed with commer-
cial enzyme immunoassay (EIA) kits. These assays require the
removal of IgG antibodies and rheumatoid factor through a
pretreatment step to ensure optimal performance. Regardless,
these assays can lead to both false-positive and false-negative
results (10; S. A. Jenkerson, M. Beller, J. P. Middaugh, and
D. D. Erdman, Letter, N. Engl. J. Med. 332:1103–1104, 1995).
A measles IgM capture assay developed by the Centers for
Disease Control and Prevention (CDC) does not require the
removal of IgG antibodies and is considered to be more spe-
cific than the indirect EIAs for detection of measles IgM an-
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tibodies (8, 10, 11). As a result, the CDC capture assay has
been recommended as the reference test for the laboratory
confirmation of measles (4, 5, 10). Recently, a commercial
version of the CDC measles IgM capture EIA has been devel-
oped (Light Diagnostics, Temecula, Calif.).

We evaluated the performance characteristics of four com-
mercial measles IgM EIA kits which use the indirect format as
well as those of the Light Diagnostics IgM capture EIA and the
CDC IgM capture assay. The four commercial indirect EIA
kits evaluated were those of Behring Enzygnost (Marburg,
Germany), Clark Laboratories, Inc. (Jamestown, N.Y.), Gull
Laboratories, Inc. (Salt Lake City, Utah), and PanBio (East
Brisbane, Australia). We used three test panels comprising a
total of 762 serum samples from patients involved in measles
outbreaks and with confirmed cases of measles and subjects
without measles for the evaluation.

MATERIALS AND METHODS

Test panel. Three panels of sera were used for the study; two panels contained
sera from patients involved in measles outbreaks (positive panels) and one
contained sera from subjects without measles and included potentially trouble-
some specimens which were positive for other serological markers (negative
panel). Positive panel I comprised single serum samples obtained from 108
patients who had clinically confirmed cases of measles and who were involved in
the outbreaks in Ontario (1996), British Columbia (1997), and Newfoundland
(1997), Canada. All 108 patients were school-aged children, and their symptoms
met the measles clinical case definition (3, 20); 5 patients had cultured-confirmed
cases of measles. The blood samples were obtained either at the time of the rash
illness or within 2 weeks after rash onset. Positive panel II comprised paired
acute-phase and convalescent-phase serum samples obtained from 100 patients
with clinically confirmed cases of measles during a major measles outbreak in
Quebec, Canada, in 1989 (16). The so-called acute-phase samples collected in
this outbreak were not necessarily taken during the acute stage; rather, these
represented the first specimen. All 100 patients showed at least a fourfold rise in
measles antibody titers between the first and second serum samples by the
complement fixation (CF) test and/or by the plaque reduction neutralization
(PRN) test. The date of rash onset was not available for all 100 patients. When
this was not available, the date of the first reported symptom (mostly fever) was
used to calculate the time interval between the onset of symptoms and phlebot-
omy (16; G. Ozanne, personal communication). This could be determined for 60
of the 100 patients, as the date of specimen collection was not available for the
remainder. The mean interval between the onset of symptoms and collection of
the first specimens was 4.1 days (range, 0 to 17 days; median, 4 days). The
corresponding interval for the collection of the second specimens was 18.2 days
(range, 6 to 34 days; median, 18 days).

The negative panel comprised a total of 454 serum samples and included the
following. Sixty-eight preimmunization serum samples from healthy 1-year-old
children who had no history of measles and who tested negative for measles
antibody by the PRN test, 47 serum samples from healthy adolescents and adults
who had no known recent exposure to measles and who tested negative for
measles antibody by the PRN test, 68 serum samples from patients who were
suffering from inflammatory and autoimmune conditions such as rheumatoid
arthritis, lupus, and infectious mononucleosis and who tested negative for mea-
sles antibody by the PRN test, and a total of 271 serum samples positive for a
variety of other serological markers (parvovirus IgM, n 5 144; Epstein-Barr virus
viral capsid antigen IgM, n 5 40; rubella IgM, n 5 57; Mycoplasma pneumoniae
IgM, n 5 15; human herpesvirus 6, n 5 5; cytomegalovirus IgM, n 5 6; Chla-
mydia pneumoniae IgM, n 5 2; antistreptolysin O, n 5 2). Parvovirus IgM- and
rubella IgM-positive serum samples were obtained from patients involved out-
breaks in three Canadian provinces.

Laboratory test procedures. All commercial indirect measles IgM EIA kits
(the Behring Enzygnost, Clark, Gull, and PanBio assays) and Light Diagnostics
IgM capture EIA were purchased from the respective manufacturers, the tests
were carried out at the Newfoundland Public Health Laboratory, and the test
results were interpreted according to the manufacturers’ instructions. The CDC
IgM capture assay was performed at the Laboratory Centre for Disease Control,
Winnipeg, Manitoba, Canada, in accordance with the method developed at CDC
(10, 11). The PRN test was carried out as an additional parameter of the present
evaluation to substantiate or clarify the results of the CF test initially done with
paired samples during the Quebec outbreak in 1989. The PRN test was per-
formed at the Newfoundland laboratory as described previously (18), and the CF
test was done at the Quebec public health laboratory by a micromethod (16).
Culture for measles virus was done at the Newfoundland laboratory with the
B95-8 cell line by a shell vial method (14, 20). Sera from the three test panels
were assigned random code numbers, intermixed, and tested blindly throughout
the study.

RESULTS

The sensitivities of the various measles IgM EIA kits were
determined by using positive panels I and II. With positive
panel I, the detection rate ranged from 98.1% (106 of 108) for
the Clark and PanBio assays to 100% for the Gull assay. The
Light Diagnostics capture assay detected 107 (99.1%) of the
108 cases of measles (Table 1). This panel included samples
from five patients with culture-confirmed cases of measles.
Serum samples from all five patients tested positive for IgM
antibody by the Behring and Gull assays, but only four of the
five tested positive by the Clark and PanBio assays as well as by
the Light Diagnostics capture assay. In other words, one of the
two samples missed by the PanBio assay and the single sample
missed by both the Clark EIA and Light Diagnostics capture
assay were from a patient with a culture-confirmed case of
measles (Table 1). In accordance with the current guidelines,
sera from the five patients with culture-confirmed cases were
subsequently tested by the CDC capture assay. The sample
which tested negative by the three commercial assays was also
found to be negative by the CDC capture assay.

The evaluation of positive panel II, comprising paired acute-
and convalescent-phase sera, included the CDC reference cap-
ture assay. With this test panel, the Light Diagnostics assay
showed the best detection rate of 80% with the acute-phase
samples compared to the rates for the other assays (Table 2).
With the convalescent-phase samples, all assays showed a sig-
nificantly improved sensitivity in the range of 92% (Clark and
PanBio assays) to 97% (Light Diagnostics assay and CDC
capture assay), as expected (Table 2). Measles IgM antibody
was not detected in samples obtained from 56 of the 100
patients by at least one test. For 48 of the 56 patients, it
involved the first (acute-phase) specimen, 43 of which had a
CF titer of ,8; for the remaining 5 patients the CF titers
ranged from 8 to 256. For 40 of the 48 patients, the interval
between the onset of symptoms and collection of the first
specimen was 3.3 days (range, 0 to 17 days). For the remaining

TABLE 1. Detection of measles virus IgM antibody in single serum
samples from 108 patients with measles, positive panel I

Assay
No. (%) of samples

Positive Negative Equivocal

Behring 107 (99.1) 0 1
Clark 106 (98.1) 1 1
Gull 108 (100) 0 0
PanBio 106 (98.1) 2 0
Light Diagnostics 107 (99.1) 1 0

TABLE 2. Detection of measles virus IgM antibody in paired
serum samples from 100 patients with serologically confirmed cases

of measles, positive panel IIa

Assay

No. of samples

Acute phase Convalescent phase

Positive Negative Equivocal Positive Negative Equivocal

Behring 70 22 8 96 3 1
Clark 57 40 3 92 7 1
Gull 69 30 1 95 4 1
PanBio 58 30 12 92 5 3
Light Diagnostics 80 14 6 97 2 1
CDC 77 16 7 97 2 1

a A total of 200 samples were tested.
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8 of the 56 patients mentioned above, the lack of detection
involved convalescent-phase specimens. In this instance, the
mean interval between the onset of symptoms and phlebotomy
was 17.7 days (range, 15 to 22 days). Although negative results
most frequently occurred with the Clark and PanBio kits, both
IgM capture assays failed to detect measles IgM in the conva-
lescent-phase specimens from two patients, both of whom
tested positive by the Gull assay. These convalescent-phase
samples were collected 15 and 19 days after the onset of symp-
toms, respectively. Overall, the samples collected 6 to 14 days
after the onset of symptoms showed the highest seropositivity
rate, in the range of 92 to 100%. The effect of the timing of
specimen collection on IgM seropositivity is shown in Fig. 1
and 2. On the basis of the results for all 108 samples in panel
I and 100 acute-phase and 100 convalescent-phase paired sam-
ples in panel II, the overall IgM detection rate was 92.2% (284
of 308) for the Light Diagnostics assay and was 82.8% for the
Clark assay, 88.3% for the Gull assay, and 88.6% for the
Behring assay (Table 3). The sensitivity of the CDC capture
assay was evaluated only with panel II samples, and on the
basis of those results, the detection rate was found to be 87%
(174 of 200) for this assay. Also, with this panel, there was an
excellent correlation of the CF test results initially obtained

during the outbreak investigation in 1989 with that of the PRN
test results obtained during this study. The PRN test detected
measles antibody at titers of .100 and .500 in 76 and 58
samples among the 100 acute-phase samples, respectively. In
contrast, 74 of the 100 acute-phase samples had no detectable
antibody (i.e., CF titer, ,8) by the CF test.

The specificities of the indirect IgM EIAs and the IgM
capture assays were determined by using the negative panel of
454 specimens. Specificity ranged from 86.6% for the Light
Diagnostics capture assay and the PanBio assay to 99.6% for
the Gull assay, and the latter result was statistically significant
(P , 0.01) from the rest of the results (Table 4). The Gull assay
also had the highest positive predictive value (PPV; 99.6%)
(Table 3), which, with the exception of the Behring EIA, was
significantly different (P , 0.02) from the PPVs for the rest of
the assays. All samples yielding false-positive or indeterminate
reactions were those that were reactive for other serological
markers. The distribution of false-positive or equivocal results
with the various test kits are shown in Table 5.

Many of the specimens in panels I and II were tested more
than once with one of the assay kits at different times. For
example, the Behring EIA was performed for routine diagnos-
tic purposes in Toronto (1996) and Quebec (1989) during the
initial outbreak investigations and was repeated in St. John’s,
Newfoundland, during the course of the current evaluation of
positive panels I and II. Similarly, the Light Diagnostics cap-
ture assay was used independently in Toronto and St. John’s in
1998 to test the samples from positive panel I. In all instances
similar results, including range of optical densities and interrun
and intersite run reproducibilities, were obtained with the
same kit.

DISCUSSION

The ultimate goal of a measles control program is to stop the
indigenous circulation of measles virus. Monitoring of the suc-
cess of such programs requires a sensitive surveillance system.
With the time for measles elimination in the Americas set for
the year 2000, enhanced surveillance based on laboratory con-
firmation of suspected cases of measles becomes increasingly
important. Measles IgM serology allows the testing of a single
serum specimen and is diagnostic if the result is positive. How-
ever, as the number of true measles cases declines, the positive
predictive value of the same tests applied to a population with
a low disease prevalence will decrease, and consequently, the
rate of false-positive IgM serology will progressively increase.
In addition, lack of sensitivity by the tests used will result in
missed cases. In this regard, our data provide useful informa-
tion on the relative performances of some commercial indirect
measles IgM serology test kits and measles IgM capture assays.

This study was a simple comparison of different tests per-
formed with a set of serum specimens under identical condi-
tions. It should also be noted that throughout the study all
samples were tested under code. The differences observed in
the performance of individual tests may be attributed to the
design and relative sensitivities of the tests and the level of IgM
antibody present in the samples at the time of collection.
Among the four indirect EIA kits evaluated, both the Behring
and Gull assays were found to be better performers than the
Clark and PanBio assays. Also, the former assays were found
to be as good as or better than the CDC capture assay (Table
3). While the Light Diagnostics capture assay showed the high-
est level of sensitivity, specificity was poor, at 86.6%. It is also
significant that, with positive panel I, both capture assays
missed IgM in a specimen from a patient with a culture-con-
firmed case of measles that was found to be positive by both

FIG. 2. Effect of timing of sample collection on IgM seropositivity on the
basis of results for convalescent-phase samples from 60 patients.

FIG. 1. Effect of timing of sample collection on IgM seropositivity on the
basis of results for acute-phase samples from 60 patients.
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the Behring and Gull assays. This sample was from a 21-year-
old male who was exposed to children involved in the New-
foundland measles outbreak in 1997 and who had a clinically
confirmed case of measles. Measles virus was cultured from his
nasopharyngeal specimen; this specimen and the single serum
sample tested were collected 3 days after the onset of rash and
fever. Furthermore, both IgM capture assays failed to detect
measles virus IgM in the convalescent-phase specimens (col-
lected 15 and 19 days, respectively, after rash onset) from two
other patients with confirmed cases of measles, both of whom
tested positive by the Gull assay. Collection of specimens be-
tween 3 and 28 days after rash onset is generally recommended
for IgM detection (10). In our evaluation series, the samples
from 56 patients with confirmed cases of measles in positive
panel II tested IgM negative or indeterminate by at least one
assay. These results reflect the significant impact of the timing
of sample collection for IgM detection, and the greatly im-
proved rate of detection of measles virus in the convalescent-
phase specimens for all tests supports this observation. A Ca-
nadian study indicated that the IgM positivity rate increased
from 40 to 90% for samples collected from 1 to 7 days after the
onset of symptoms and reached 100% for samples taken later
than 15 days after the onset of symptoms (16), and a U.S. study
reported the IgM seropositivity rate to be 56% for samples
collected within 5 days of rash onset (15). Our data indicate
that the best detection rate is achieved with samples taken 6 to
14 days after the onset of symptoms (Fig. 1 and 2). A slight
drop in the positivity rate for samples taken 15 to 34 days after
the onset of symptoms may reflect a decline in the level of or
the disappearance of IgM antibody. These findings emphasize
the importance of the timing of sample collection for measles
IgM serology and reiterate that testing of only an acute-phase
sample may not be adequate to confirm or rule out measles,
particularly in settings of sporadic measles activity (15, 16).

Among the samples in the negative panel of 454 serum
samples used to assess test specificity, false-positive results
occurred with all assays, with the Light Diagnostics capture
assay showing the highest rate of false positivity. More impor-
tantly, false-positive results were observed for patients with
other exanthema such as parvovirus and rubella infections,
which can also clinically mimic measles. Therefore, there is
potential for such rash illnesses to be misdiagnosed as measles
not only by clinical examination but also by laboratory testing
even if the capture assay is used for confirmatory testing. Both
the Gull and Behring assays had higher PPVs than the rest of
the assays. A low PPV of measles diagnostic methods has been
noted (9), and this has important consequences from the
standpoint of measles surveillance. Additional studies are re-
quired to examine this issue further.

The Gull assay is more practical in that the IgG-absorbent
material is incorporated in the specimen diluent, hence avoid-

ing a separate pretreatment step for the removal of IgG. The
Gull assay further permits serum dilutions to be performed in
microtiter plates, which can easily be transferred to test plates
with a multichannel pipette. In contrast, the Light Diagnostics
capture assay requires serum dilutions to be made in test tubes
followed by transfer of the diluted samples individually to a
microtiter test plate. Otherwise, the hands-on times were sim-
ilar for each of the assays with the exception of the Behring
assay, which requires more time. Also, while a run can typically
be completed in about 2 h with the other kits, the Behring
assay requires about 4 h. We found all products with the
exception of the Light Diagnostics capture assay to be com-
petitively priced; the Light Diagnostics assay costs considerably
more than the rest of the assays. It is significant that both the
Behring EIA and the Light Diagnostics capture assay yielded
identical results in tests carried out in different laboratories
and over a considerable time interval. This reveals the high
levels of interassay precision of these two test kits. We also
observed an excellent correlation of the results of the CF test
with those of the PRN test; this provided an additional valida-
tion of the results for the positive panel and attested to the
exquisite sensitivity of the PRN test for detection of measles
antibody (2).

Our data show that at least some commercially available
indirect EIAs are sensitive and specific and that the Behring
and Gull EIAs are as good as or better than both of the capture
assays. Although the capture assay format provides perfor-
mance at least equivalent to those of the indirect EIAs, the
capture assays are unlikely to enhance the reliability of IgM
serology results if tests such as the Behring or Gull indirect
EIAs are used for routine laboratory diagnosis of measles.
Furthermore, the IgM capture assays are also unlikely to re-
solve the indeterminate results obtained by indirect EIAs. The
testing of a second (convalescent-phase) specimen will remain
the only means of confirmation as well as the only means for

TABLE 3. Relative overall sensitivity, specificity, and predictive values of measles virus IgM antibody tests

Assay Sensitivity (%)a Specificity (%)b PPV (%) NPV (%)c

Behring 88.6 (85.1, 92.1)d 96.7 (95.1, 98.3) 97.8 (96.1, 99.5) 94.6 (92.5, 96.7)
Clark 82.8 (76.6, 87.0) 97.1 (95.6, 98.6) 95.9 (93.5, 98.3) 90.2 (87.6, 92.8)
Gull 88.3 (84.7, 91.9) 99.6 (99.0, 100) 99.6 (98.9, 100) 93.0 (90.7, 95.3)
PanBio 83.1 (78.9, 87.3) 86.6 (83.5, 89.7) 97.7 (95.9, 99.5) 91.4 (88.8, 94.0)
Light Diagnostics 92.2 (89.2, 95.2) 86.6 (83.5, 89.7) 88.2 (84.7, 91.7) 95.9 (94.0, 97.8)
CDC 87.0 (82.3, 91.7) 94.8 (92.4, 96.8) 96.1 (93.3, 98.9) 95.7 (93.5, 97.5)

a Data are based on results for a total of 308 samples tested by all assays except the CDC capture assay, which was used to test 200 samples.
b Data are based on results for a total of 454 samples tested by all assays except the CDC capture assay, which was used to test 423 samples.
c NPV, negative predictive value.
d Values in parentheses are the 95% confidence intervals.

TABLE 4. Specificity of measles virus IgM serology tests:
negative panela

Assay
No. (%) of samples

Negative Positive Equivocal

Behring 439 (96.7) 6 (1.3) 9 (2.0)
Clark 441 (97.1) 11 (2.2) 2 (0.4)
Gull 452 (99.6) 1 (0.2) 1 (0.2)
PanBio 393 (86.6) 6 (1.3) 55 (12.1)
Light Diagnostics 393 (86.6) 38 (8.4) 23 (5.1)
CDC 401 (94.8) 7 (1.7) 15 (3.5)

a A total of 454 serum samples were tested, but only 423 of the 454 serum
samples were tested by the CDC assay.
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resolving indeterminate results either by repeat IgM testing or,
more importantly, by observing changes in IgG titers by the CF
or PRN test. This underscores the importance and capacities
of these time-honored tests to serve as confirmatory tests in
this setting. The other alternative is measles virus detection by
culture or detection of the viral RNA by reverse transcription-
PCR (RT-PCR), which can be accomplished with nasopharyn-
geal or throat swabs or urine specimens (12, 20). As fewer and
fewer cases of measles are encountered, viral culture, in fact,
might be very helpful for a definitive diagnosis. Measles viral
culture is also indicated to facilitate genotyping of measles
virus isolates for molecular epidemiological surveillance (19).
From the practical standpoint, however, measles viral culture
service as well as viral RNA detection by RT-PCR would be
limited to select reference centers. In addition, the duration of
measles virus shedding is short, 4 and 7 days after rash onset
for nasopharyngeal aspirates and throat swabs and for urine,
respectively. Therefore, virus detection via culture or RT-PCR,
while useful, is somewhat limited for routine diagnostic appli-
cation in the context of global measles laboratory surveillance
programs.

The conclusions as outlined above, as a matter of fact, form
the basis of the current Canadian recommendations for mea-
sles diagnosis from the standpoint of measles surveillance as a
part of the measles elimination program in Canada. The Ca-
nadian recommendations (recommendations of the Working
Group on Measles Elimination in Canada) for measles diag-
nosis are as follows. The definition of a clinical case of measles
(in the absence of recent [1 to 14 days] immunization with
measles-containing vaccine) is fever (temperature, $38°C),
generalized maculopapular rash for $3 days, and cough,
coryza, or conjunctivitis. A case of measles is considered to be
laboratory confirmed when clinical measles occurs in a patient
epidemiologically linked to a patient with a laboratory-con-
firmed case of measles, when a case of measles occurs in a
patient who has had a recent travel history to an area with
known measles activity and who is positive for measles IgM
serology by a recommended assay or virus isolation, or when
clinical measles occurs in a patient with no epidemiological
link or recent travel history but with measles virus isolation or
a demonstrated rise in IgG titer between acute- and convales-
cent-phase sera. Regardless, in regions where significant pro-
gression toward measles elimination is taking place, complete
evaluation of the methods used for laboratory diagnosis is
essential to define the optimal characteristics of laboratory
assays for the confirmation of measles.
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